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Abstract
THE EDITORS ARE RETRACTING THIS _PROTOCOL EXCHANGE_ PROTOCOL BECAUSE
THE PAPER UPON WHICH IT IS BASED HAS BEEN RETRACTED.
Various methods for the direct reprogramming of human somatic cells have been developed. However, a
therapeutic method to reprogram and eliminate human solid tumor cells has not been developed. We
could discover the novel therapeutic method through the process for generation of human induced
pluripotent stem \(iPS) cells from human liver cancer cells and come true the clinical application.
Therefore, we could get a proof of concept for the novel therapeutic method to reprogram and eliminate
human solid tumor cells with two chemicals in clinical field.

Introduction
Various methods for the direct reprogramming of human somatic cells have been developed <1>.
However, therapeutic methods to reprogram and destroy human solid tumor cells have not been
developed. The acyclic retinoid \(ACR) was found to reduce the rate of recurrence after curative
hepatocellular carcinoma \(HCC) therapy in a small randomized controlled trial \(n=89) <2>, and similar
results were observed in a recent larger \(n=401) randomized controlled trial <3>. The hazard ratio \(ACR
versus placebo) for 2 years or more after curative therapy was 0.27 \(95% CI: 0.07-0.96) <3>. However,
ACR failed to suppress recurrence within 1-2 years following curative therapy <3>. The hazard ratio \(ACR
versus placebo) for within 1 year of curative therapy was 0.72 \(95% CI: 0.45-1.17) <3>. It has been
postulated that aldo-keto reductase family 1 member B10 \(AKR1B10) <4> inhibits retinoic acid \(RA)induced cellular differentiation <5>; however, this hypothesis has not been proven.

Reagents
Chemicals # Acyclic retinoid . # Zopolrestat as an AKR1B10 inhibitor \(Pfizer Inc). Patients 10 liver cancer
samples were obtained with informed consent from patients who underwent a liver transplantation at our
institutions <6>. The 10 patients with HCC before a liver transplantation <6> had an age range of 34-60
years \(median: 55.7). All of the males \(n=7) were diagnosed with stage II cancer and were HCV-positive
with a Child-Pugh score of A; all of the females \(n=3) were diagnosed with stage III cancer and were
HCV-positive with a Child-Pugh score of B. The evaluation of AKR1B10 expression # AKR1B10 antibody \
(monoclonal rabbit anti-human AKR1B10 antibody, clone 1A6; Abnova Corporation). # The following
primer and probes were used: Sequence \(5´ to 3´) AKR1B10-F: CATATCCAGAGGAATGTGATTGTCA;
AKR1B10-R: AGACCTGAATGTTCTCAACAATGC

Equipment
1) In vitro anticancer drug sensitivity testing for the 10 patients with HCC # Flask coated with collagen gel
in a CO2 incubator. # The reconstituted type 1 collagen solution for a final density of 1 × 1000000
cells/mL. # Each well of a 6-well plate in a 60 mm dish. # CO2 incubator. Determination of albumin and
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alpha fetoprotein \(AFP) in the culture media

# Enzyme-linked immunosorbent assay \(ELISA) using

goat anti-human albumin \(Cosmo Bio Co., Tokyo, Japan). # The AFP Amerlex-M RIA detection kit \(Ortho
Clinical Diagnostics, Issy les Moulineaux, France). Measurement of oxygen consumption in the liver
cancer cells # Clark-type oxygen microelectrode.

Procedure
Step 1: Preparation of human samples # Obtain human liver cancer samples. \(10 liver cancer samples
were obtained with informed consent from patients who underwent a liver transplantation at our
institutions <6> ). Step 2: The evaluation of AKR1B10 expression # Evaluate AKR1B10 expression in the
human HCC samples according to the number of positively stained tumor cells. # If none of the tumor
cells demonstrated AKR1B10 immunostaining, the sample is considered to be AKR1B10-negative. # Use
an AKR1B10 antibody \(monoclonal rabbit anti-human AKR1B10 antibody, clone 1A6; Abnova
Corporation). Step 3: In vitro anticancer drug sensitivity testing for the 10 patients with HCC # Incubate
the liver cancer cells in a flask coated with collagen gel in a CO2 incubator at 37°C for 24 h. # Only the
viable cells adhering to the collagen gel should be collected and resuspended in the reconstituted type 1
collagen solution for a final density of 1 × 1000000 cells/mL. # Three drops of the collagen-cell mixture
should be placed in each well of a 6-well plate in a 60 mm dish, and the plates were allowed to reach
37°C in a CO2 incubator for 1 h. # The final concentration is approximately 3 × 100000 cells/collagen gel
droplet. # Culture medium should be added to each well, and the plate should be incubated in a CO2
incubator at 37°C overnight. # The anticancer drugs \(i.e., 10 μM ACR alone, 10 μM zopolrestat alone or
10 μM ACR plus 10 μM zopolrestat) must be added to the cells for 2 days. Step 4: Determination of
albumin and alpha fetoprotein \(AFP) in the culture media

# The albumin protein concentration should

be determined by an enzyme-linked immunosorbent assay \(ELISA) using goat anti-human albumin \
(Cosmo Bio Co., Tokyo, Japan). # The quantitative analysis of AFP secretion should be performed with
the AFP Amerlex-M RIA detection kit \(Ortho Clinical Diagnostics, Issy les Moulineaux, France). Step 6:
Measurement of oxygen consumption in the liver cancer cells # The oxygen consumption \(mean ± SD,
nmol min-1 mg-1 protein) in the AKR1B10-positive or negative liver cancer cells should be measured by a
Clark-type oxygen microelectrode. # Measurements should be conducted 3 days after the administration
of 10 μM of ACR alone, 10 μM of zopolrestat alone, and 10 μM of ACR plus 10 μM zopolrestat. Step 7:
Statistical analyses # All statistical tests should be performed with Dr. SPSS II for Windows \(SPSS
Japan, Inc, Tokyo), and statistical significance must be defined as p<0.05. Step 8: Clinical application;
Direct reprogramming therapy was used for the following patient. Patient who had advanced
hepatocellular carcinoma \(HCC) beyond Milan criteria \(single tumor

Troubleshooting
Zopolrestat as an AKR1B10 inhibitor can change other AKR1B10 inhibitors.

Anticipated Results
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AKR1B10 expression in liver cancer cells from patients with HCC who received a liver transplantation : #
AKR1B10 expression was observed in 6 of the patients with HCC \(Figure 1a, 1b). In vitro anticancer drug
sensitivity testing in the 6 patients with HCC who expressed AKR1B10: # In vitro anticancer drug
sensitivity testing was performed for the 6 patients with HCC who expressed AKR1B10. # At 6 days, a
significant difference was observed in the viability of AKR1B10-positive liver cancer cells treated with ACR
alone and those treated with ACR plus zopolrestat, which is an AKR1B10 inhibitor <7> \(Figure 2A;
P<0.001, Mann-Whitney U test). # A significant difference was also observed at 6 days in the viability of
AKR1B10-positive liver cancer cells treated with zopolrestat alone and those treated with ACR plus
zopolrestat \(Figure 2A; P<0.001, Mann-Whitney U test). # The mean alpha-fetoprotein \(AFP) value at 3
days in samples treated with ACR alone was 45.3 ng ± 5.2 ng/L × 100000 cells/24 h, while samples
treated with ACR plus zopolrestat showed an improved value of 3.6 ng ± 2.2 ng/L × 100000 cells/24 h \
(P<0.001, Mann-Whitney U test). # The mean albumin value at 3 days in samples treated with ACR alone
was 19.3 ng ± 7.3 ng/L × 100000 cells/24 h, while samples treated with ACR plus zopolrestat showed a
significantly improved value of 93.3 ng ± 3.0 ng/L × 100000 cells/24 h \(P=0.02, Mann-Whitney U test). In
vitro anticancer drug sensitivity testing in the 4 patients with HCC who did not express AKR1B10 : # In
vitro anticancer drug sensitivity testing was also performed in the 4 patients with HCC who did not
express AKR1B10. # At 6 days, a significant difference was observed in the viability of AKR1B10-negative
liver cancer cells treated with ACR alone and those treated with ACR plus zopolrestat \(Figure 2B; P= 0.02,
Mann-Whitney U test). # A significant difference was also observed at 6 days in the viability of AKR1B10negative liver cancer cells treated with zopolrestat and those treated with ACR plus zopolrestat \(Figure
2B; P<0.001, Mann-Whitney U test). # The mean AFP value at 3 days in samples treated with ACR alone
was 50.3 ng ± 6.5 ng/L × 100000 cells/24 h, while the mean value in samples treated with ACR plus
zopolrestat was improved at 7.6 ng ± 3.5 ng/L × 100000 cells/24 h \(P=0.01, Mann-Whitney U test). #
The mean albumin value at 3 days in samples treated with ACR alone was 17.1 ng ± 5.2 ng/L × 100000
cells/24 h, while the mean value in samples treated with ACR plus zopolrestat was significantly improved
at 85.3 ng ± 3.9 ng/L × 100000 cells/24 h \(P=0.02, Mann-Whitney U test). Oxygen consumption in liver
cancer cells: # Aerobic respiration in AKR1B10-positive liver cancer cells was assessed 3 days after the
administration of ACR alone, zopolrestat alone or ACR plus zopolrestat. # Oxygen consumption was
significantly greater in the AKR1B10-positive liver cancer cells treated with ACR plus zopolrestat than in
the cells treated with either ACR alone or zopolrestat alone \(Figure 3A; P<0.001, Mann-Whitney U test). #
Aerobic respiration in the AKR1B10-negative liver cancer cells was also assessed 3 days after the
administration of ACR alone, zopolrestat alone and ACR plus zopolrestat. # Oxygen consumption was
significantly greater in AKR1B10-negative liver cancer cells treated with ACR plus zopolrestat than in the
cells treated with either ACR alone or zopolrestat alone \(Figure 3B; P<0.001, Mann-Whitney U test).
Notes: As described by Otto Warburg in 1931, although cancer cells preferentially utilize glycolytic
pathways for energy generation while downregulating their aerobic respiratory activity <8>, oxygen
consumption in AKR1B10-positive or -negative liver cancer cells increased with ACR plus zopolrestat \
(Figures 3A and 3B). In conclusion, considering the above-mentioned results, these results confirm that
liver cancer cells with ACR resistance were directly reprogrammed to approximate normal human
hepatocytes, and ACR plus zopolrestat induced apoptosis \(Figures 2A, 2B, 3A and 3B). Therefore, a
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therapeutic method to reprogram and destroy human solid tumor cells with chemicals alone has been
developed. Clinical case; Direct reprogramming therapy in a patient with advanced hepatocellular
carcinoma with sorafenib resistance: A 34-year-old woman who had advanced hepatocellular carcinoma
\(HCC) beyond Milan criteria and had experienced the recurrence of HCC in 12 months after liver
transplantation was treated with sorafenib for 6 weeks at a dose of 400 mg twice daily. Diarrhea, weight
loss and hand-foot skin reaction as adverse reactions during sorafenib treatment were reported. However,
she was turned out to be a non-responder of sorafenib \(Figure 4A). Furthermore, she was hepatitis C
virus \(HCV) infection-positive patient even after sorafenib treatment. The viral load was 6.20 ± 0.73 \(log
10 HCV RNA, mean ± SD) in the patient. Then, alanine aminotransferase \(ALT) level was 58.4 ±21.8 U/L
\(mean ± SD), and aspartate transaminase \(AST) level was 90.1 ± 30.5 U/L \(mean ± SD) in the patient
\(normal range for each level in ALT and AST, 0-50 U/L). Therefore, in vitro anticancer drug sensitivity
testing was performed using the patient's HCC that had expressed aldo-keto reductase family 1 member
B10 \(AKR1B10) and retinoid X receptors. Since her cancer cells were eliminated by acyclic retinoid \
(ACR) plus zopolrestat as an AKR1B10 inhibitor 6 days later, she was treated with ACR \(600 mg per day)
plus zopolrestat \(1200 mg per day) for 48 weeks. Then, her HCC disappeared in 3 months of ACR plus
zopolrestat therapy \(Figure 4B) and serum alpha-fetoprotein \[AFP] and des-γ-carboxyprothrombin \
[DCP]) levels were normalized \(Figure 4C). Furthermore, ALT and AST levels were improved \(mean ± SD:
39.3 ± 20.5 U/L in ALT level, 46.5 ± 20.3 U/L in AST level; normal range for each level in ALT and AST, 050 U/L), and the viral load for HCV decreased \(mean ± SD: 3.00 ± 0.30, log 10 HCV RNA) in the patient
after ACR plus zopolrestat therapy compared with after sorafenib treatment. Moreover, she survives 36
months in the recurrence-free of HCC after ACR plus zopolrestat therapy. Only headache was observed as
an adverse reaction during ACR plus zopolrestat therapy. Patients undergoing liver transplantation for
HCC within Milan criteria \(single tumor ≤5 cm in size or ≤3 tumors each ≤3 cm in size, and no
macrovascular invasion) have an excellent outcome \(1) \(2). Even after liver transplantation, however,
the recurrence rate is higher and the prognosis is worse in patients with advanced HCC beyond Milan
criteria \(1) \(2), and the recurrence-free survival rates are 0.0 % at 18 months in those patients \(3).
Though sorafenib is the only drug showing survival benefits in advanced HCC patients \(4), the patient
showed sorafenib resistance. Therefore, she was treated with ACR plus zopolrestat therapy, and could get
successful outcome. Considering our results of in vitro anticancer drug sensitivity testing, her HCC cells
with sorafenib resistance were appeared to be directly reprogrammed to approximately normal
hepatocytes and ACR plus zopolrestat induced apoptosis in 3 months. Therefore, we could get a proof of
concept for the direct reprogramming therapy method of human solid tumor cells in the current study.
Furthermore, she is HCV infection-positive. However, by the direct reprogramming therapy, the viral load of
HCV decreased. Considering the viral load reduction of HCV under all-trans retinoic and monotherapy was
observed \(5), the phenomenon observed in our study may be the effect of ACR. In conclusion, ACR plus
zopolrestat therapy as the direct reprogramming therapy would warrant testing in the patients with
advanced HCC that express AKR1B10 and retinoid X receptors, even if they have sorafenib resistance.
Furthermore, we could discover the novel therapeutic method through the process for generation of
human induced pluripotent stem \(iPS) cells from human liver cancer cells \(6) and come true the clinical
application.
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Figure 1
Figure 1 (a) and (b) Figure 1: (a) The expression of AKR1B10 by Western blot analysis in liver cancer cells
from patients with HCC (n=6) who received a liver transplantation. Samples from the other patients (n=4)
were AKR1B10-negative. β-actin is shown as a control. (b) Quantitative real-time PCR data of AKR1B10 in
liver cancer cells from patients with HCC who received a liver transplantation (n=10).
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Figure 2
Figure 2 (A) and (B) (A) AKR1B10-positive liver cancer cell viability after 6 days. (B) AKR1B10-negative
liver cancer cell viability after 6 days.
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Figure 3
Figure 3 (A) and (B) (A) Oxygen consumption in the AKR1B10-positive liver cancer cells 3 days after the
administration of ACR alone, zopolrestat alone and ACR plus zopolrestat. (B) Oxygen consumption in the
AKR1B10-negative liver cancer cells 3 days after the administration of ACR alone, zopolrestat alone and
ACR plus zopolrestat.
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Figure 4
Figure 4A, 4B and 4C Figure 4 A: Abdominal computed tomography (CT) before the direct reprogramming
therapy shows a tumor (circle). Figure 4 B: CT after the direct reprogramming therapy shows the
disappearance of HCC (circle). Figure 4 C: The levels of two tumor markers (alpha-fetoprotein [AFP], desγ-carboxyprothrombin [DCP]).
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